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L E C T U R E  BY PROF.  LEO NARD H I L L  
O N  

" T H E  A T M O S P H E R E .  ''~ 

A L E C T U R E  on " T h e  Atmosphere" was 
delivered by Professor Leonard Hill, 

F.R.S. ,  before a meeting of the North Western 
Branch of the Society of Medical Officers of 
Health at the Grosvenor Hotel, Manchester. 

PROFESSOR HILL said :--I  propose to dis- 
cuss the physiological effect of the atmos- 
phere in regard to the ventilation and heating 
of rooms, and particularly the cause of the 
discomfort which is felt in crowded rooms. 
Possibly I may upset some of t h e  notions 
which have been held for so many years, and 
they would bear with him if he was rather 
revolutionary in some of the things he had to 
say, though he thought the point of view he 
was about to put before them had already gained 
sufficient attention and was not so revolutionary 
as it appeared in his address to the British 
Association at Dundee in I9t2. 

I propose to consider why people are 
deteriorated in health by residing in crowded 
and confined places--why certain factories and 
occupations are particularly unhealthy. It has 
been commonly taught in all our books that a 
crowded room distresses us and gives us head- 
ache and discomfort, and so on, because of the 
chemical impurity of the air. Now the physio- 
logical evidence which has been gathered in 
this country and in America and in Germany 
by the best workers negatives that. The dis- 
comfort has nothing to do with the chemical 
impurity of the air. It is suggested that the 
air is impoverished in oxygen. Well, the venti- 
lation that takes place in a crowded room 
through the pores of the walls and ceilings, and 
cracks and crannies of the doors and windows, 
even when these are shut, is sufficient to prevent 
the oxygen ever falling more than 0.5 per cent. ; 
possibly in the most crowded rooms it may fall 
from ~i to 2o per cent. I am talking, of course, 
of crowded rooms such as we find in our cities 
- -no t  of mines or compartments of iron-clad 
ships. We will take it, then, that  the oxygen 
falls at the most to 20 per cent. Now in 
the famous mountain health resorts such as 
people go to in Switzerland for winter sports 
the Concentration of oxygen is diminished far 
more than this by the thinning of the air. We 
have on the top of the Andes great cities like 
Potosi with Ioo,ooo inhabitants, where the 
partial pressure of oxygen is something like 
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I3 per cent. of an atmosphere. Great railway 
and mining works are carried on in the Andes 
at altitudes reaching x5,ooo feet; shepherds 
take their flocks in the Himalayas to heights of 
I8,ooo feet; and climbers have attained to 
24,ooo feet. Well, of course, many people who 
go to these very great altitudes suffer at first 
from mountain sickness. A man going up in the 
railway to the top of the plateau of the Andes 
may suffer from mountain sickness when he gets 
there, but after a very few days an immunity is 
set up and he becomes able to compensate for 
the diminution of oxygen. The blood rapidly 
concentrates. Water passes out into the tissues 
and the red corpuscles circulate more quickly. 
That is thefirs tchange.  The acidity of the blood 
also changes, and with it varies the dissociation 
curve of oxy-h~emoglobin. Later, the number of 
red corpuscles and the amount of h~emoglobin 
increases and so the oxygen supply to the 
tissues is kept up. We know that  from Swit- 
zerland people come back enormously improved 
in health, so that it is quite clear that  any small. 
diminution o( oxygen, such as occurs in 
crowded rooms, can have nothing whatever to 
do with the symptoms that we feel ; we can put 
that  out of court altogether. The concentration or 
pressure of oxygen in the lungs is I3-I4 per cent. 
of an atmosphere. If we enhale deeply through 
a long indiarubber tube, the last air which comes 
out is air out of the depth of the lungs, and on 
analysis of this air we find 13 to 14 per cent. of 
oxygen. That  is the normal quantity, and 
even less suffices to arterialise the blood, so 
great is the avidity of haemoglobin for oxygen. 
When we get to these big altitudes we keep up 
the concentration of oxygen in our lungs by 
increased breathing. The want of oxygen 
excites the breathing by increasing the acidity 
oftheblood. The increasedbreathingdiminishes 
the concentration of CO s in our lungs, a n d  if 
there is a lesser proportion of CO ~ in the pul- 
monary air there will be more oxygen. Thus, 
while we find the body possesses means of 
compensating for a great diminution in oxygen, 
we recognise that physiological evidence is 
conclusive that a slight diminution of oxygen 
has nothing to do wffh the discomfort felt in 
crowded rooms. 

As to carbonic acid, this has been held up 
as the cause of all our complaints, and all the 
factory regulations are concerned with the 
percentage of carbonic acid in the air. Now 
carbonic acid in a crowded room rises up to a 
half per cent. at the outs ide.  I do not think 
you will ever find it greater than a half per 
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cent.--we will say, at the outside, I per cent.- 
of the carbonic acid in the air. That percent- 
age cannot cause in the slightest degree any 
discomfort to the human body, because in the 
lungs the natural concentration of carbonic 
acid is 5 per cent. of an atmosphere, and it is 

• always kept so in the depths of the lungs. 
Oar breathing,, that is, the ventilation of the 
lungs, is controlled by the respiratory centre, 
so as to keep the pressure or concentration of 
carbonic acid always at 5 per cent. of an 
atmosphere, and the concentration in the 
blood of course corresponds to that 5 per cent. 
If the concentration of CO 2 in the air breathed 
increases, say, to I per cent., this causes us to 
breathe more deeply, so that we still keep the 
concentration in the lungs at about 5 per cent. 
When we do muscular work and increase the 
production of carbonic acid, we have to breathe 
more deeply in order to ventilate our lungs and 
keep the concentration still at 5 per cent. The 
harder we do work the harder we must breathe. 
If we work too hard the concentration of acid 
in the blood rises, other acids are formed, such 
as lactic acid, and the breathing gets so very 
heavy we are obliged to ease off and take less 
exercise. You will find, then, that if you 
breathe air containing I per cent. of carbonic 
acid, all that happens is that you slightly 
deepen your respiration in order to keep the 
carbonic acid in the lungs still at the constant 
level of 5 per cent., and the increased depth of 
respiration is so slight that  you do not notice 
it. I have put eight students into an ex- 
perimental chamber which I have in my 
laboratory at the London Hospital, a chamber 
holding about three cubic metres of air, and 
shut them up in air-tight fashion. The cham- 
ber has glass windows and electric light, and I 
can see what they are doing. After some 
time they became flushed in the face and 
perspired profusely, and ceased to chatter and 
laugh as they did when they first went in. I 
have watched a student trying to light a 
cigarette, the cigarette would not light, and 
he has borrowed matches, thinking his own 
were damp ; there were streams of condensed 
water vapour on the glass. He could not light 
the cigarette because the oxygen was less than 
17 per cent. The students were quite unaware 
of this, but the fact that  they could not light a 
match shows the oxygen was less than 17 per 
cent. The carbonic acid at that  time was 
3 or 4 per cent. Watching these students 
one could see they were all breathing deeply, 
but they did not know it. I have put students 

into the chamber, and have surreptitiously 
introduced enough pure carbonic acid into the 
chamber by a pipe to make the percentage 2. 
They knew nothing about i t ;  they began to 
breathe a little deeper, but they were not the 
least bit aware of the carbonic acid having 
been introduced. The discomfort they suffered 
from was due to the heat and moisture of the 
atmosphere, and they were at once relieved by 
the putting on of a powerful fan, which stirred 
the air in the chamber and cooled their bodies. 
I think all these experiments, and particularly 
the fact that the air in the lungs is always kept 
at this 5 per cent. whatever we do, proves that 
the carbonic acid in a crowded room has 
nothing to do with the symptoms felt therein, 
and is a matter  of no importance at all except 
so far as it may be an indication of some other 
impurity in the air. It  may be taken as a 
standard of air impurity, but as to contributing 
to discomfort in percentages under I we can 
dismiss it entirely. When one breathes 
higher percentages of CO s , e.g., 3 to 4 per 
cent., one has to breathe so deeply that after 
a time it gets overwhelming, and one very soon 
finds one cannot work hard because, however 
one breathes, one cannot keep the CO 2 in the 
lungs down to 5 per cent. When one breathes 
6 per cent., one cannot possibly keep the 
CO 2 in the lungs down to the normal 5 per 
cent., and one begins to get headache, and 
flushes and sweats and, so to speak, gives one's 
whole soul to breathing. One finds that divers 
working in their diving dresses often breathe 
as much as 2 per cent. of carbonic acid. In 
submarines it is found that  the atmosphere 
becomes difficult to endure when the CO 2 per- 
centage rises above 3½. 

With  regard to the supposed existence of 
a chemical organic poison in exhaled air, this 
has universally been accepted, and become a 
horrid bogey and nightmare. I have gone into 
all the literature on this subject carefully, and 
find it is unsupported by trustworthy experi- 
ments. The evidence for such a poison is of 
this kind. Condensation water has been 
obtained from the breath by breathing through 
a flask surrounded with a freezing mixture. 
The water has been injected into animals, e.g., 
a dose of one gramme of the water has been 
put into mice weighing about ten grammes, 
and the mice have been made ill, in some cases. 
The amount injected is equivalent to putting 
into a man six litres, or twelve German beer 
mugs of water. Such an experiment is too 
ridiculous for words. That  is the kind of 
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thing that has been done, and the mice 
generally have not died. They have been 
made ill, but the same amount of cold water 
will make them ill. It has been proved that 
distilled water, when kept, swarms with 
bacteria, and water containing bacteria, when 
injected, m ty  produce symptoms of illness. 
If any poison were exhaled it would probably 
be by protein in nature. To test for such 
we have kept rats and guinea-pigs together 
at the bottom of ill-ventilated boxes for months, 
cleaning and feeding the animals daily. The 
guinea-pigs have breathed the rats' exhaled air. 
We  have tested them for anaphylaxis reaction. 
If rats' protein has been exhaled, and breathed 
into the lungs, and has passed directly into the 
blood of the guinea-pigs they will be sensitised 
to the rats' protein. On injection of rats' serum 
they will suffer from anaphylactic shock and 
die. Our experiments show no trace of such 
sensitivity. Another set of experiments has 
been done of this kind. Animals have been 
confined in glass vessels and the air drawn 
through from one vessel to another, so that 
No. 5 receives the air which has passed through 
Nos. I , z ,  3 a n d 4 .  No. 5has  been said to die 
poisoned by the exhaled air of the others. These 
experiments have been repeated by many com- 
petent workers with negative results. 

The animals may die if the chambers are not 
properly arranged so that the air current is 
insufficient and the animals are asphyxiated, or 
the current is made so slow that the carbonic 
acid rises to a poisonous dose such as Io per 
cent. If  you eliminate all these errors and 
feed the animals properly and fill their chambers 
daily with plenty of dry hay and clean them, it 
does not make the least difference to the 
animals breathing this exhaled air and they 
never suff~r at all, so that the evidence in favour 
of any chemical or organic poison being in the 
air is absolutely negatived. The air of these 
crowded rooms, of course, smells offensively, and 
we have got to think about that smell. I may 
point out that an offensive smell does not prove 
the existence of poison; there are plenty of 
people carrying out offensive trades, as in 
sewage works and bone manure factories, and 
there is no evidence that the people suffer in 
their health merely because of an offensive 
smell. 

The other day, while investigating the venti- 
lation of the House of Commons, I noticed 
there was an offensive smell when I came to the 
gangway on the Government side of the House. 
I said to the foreman engineer, " W h a t  on earth 

is this smel l?"  He said, " I  don't know, I 
cannot make it out." It was a most ancient 
fish-like odour. I proceeded to investigate this 
smell ; it had come quite de ~ovo into the House 
and I found the reason of it was this, that 
under the Government side there was a wire 
gauze spread to break the force of the air current, 
and a few panels of this wire gauze had been 
washed two or three days before with some 
particular kind of soap and an electrolytic 
decompositign had been set up and was causing 
this smell. I t  took days and days before that 
smell disappeared, but anybody who smelt it 
would think it was a poisonous smell. W e  must 
be very careful about saying that smells are 
poisonous. A smell has got to be got rid of if 
it is unpleasant and nervously upsets one. 
It is of the greatest importance that we should 
not be nervously upset if we can possibly help 
it. Those who are in a crowded room are not 
conscious of any smell; it is only those who 
come in from the fresh air who sense it, and 
feel disgusted. I remember a man who had 
slept a night in an Alpine hut telling me that 
in the morning he strolled out while his com- 
rades slept, and on going back to the hut he 
was astonished by the close odour; he had 
slept in it without being the slightest bit aware 
of the smell. The offensive smell arises from 
the unclean bodies and dirty clothes and rooms, 
and has got to be got rid of by habits .of  clean- 
liness. Such cleanliness lessens enormously 
direct bacterial infection, and insect-borne 
infection. While there is no evidence that the 
smell of close rooms is poisonous, it is 
absolutely necessary that we should have such 
systems of ventilation that we are not nervously 
distressed with the smell, and that we should 
keep our rooms and clothes and our persons 
clean in every way so that smells are not caused. 

Now we come to the question of how 
atmospheric conditions do influence comfort 
and health. First of all there is the question 
of dust. Dust has a bad effect on the 
respiratory organs, and the recent investiga- 
tions by the Home Office, by Dr. Collis and 
others, show that an enormously increased 
death-rate from phthisis occurs among workers 
in silica containing stone. People who make 
grindstones get phthisis, while workers in 
limestone do not. Vegetable and animal 
dust, coal and limestone dust, produce asthma, 
and diminish the breathing capacity of the 
lungs, but silica dust produces phthisis because 
it is a dust that  is foreign to the human body. 
Limestone, coal and animal, and vegetable 
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dust particles can all be dealt with chemically 
in the human body, and be dissolved or 
rounded off, but silica dust cannot be dealt 
with in that way, and it sets up an irritation 
which leads to tubercular infection and 
phthisis. Having recognised that point we can 
surely get rid of silica dust from the workshops. 
Dust can be taken away from the tool which 
is generating it by a vacuum. I have recently 
invented an apparatus to blow the dust away 
from the face of the worker. A metal tube. 
hangs from a cap on each side of the face. A slit 
is placed in each tube and air is forced into the 
tubes and through the slits so as to create a 
veil of pure air in front of the face. I think by 
the use of a little contrivance like that silica 
dust poisoning could be altogether stopped. 

Then there is lead dust. Authorities agree 
now that lead poisoning is due to the 
inhalation of dust. That  is really the cause of 
lead poisoning. Animals have been put into 
boxes, and fresh wet paint has been put on the 
inner walls of those boxes day after day, and 
the animals have remained healthy, and not 
shown the slightest sign of lead poisoning. 
Lead poisoning seems entirely due to dust set 
free in lead works, or by the rubbing down of 
dry paint, and all that lead poisoning can be 
stopped by the use of the apparatus I have 
contrived or by a properly arranged vacuum. 

Next we have to consider the question of 
bacterial infection. The study of that shows 
us how the modern methods of hygiene have 
lessened bacterial infection. I believe, I do 
not know whether you agree with me, that  all 
the work we have done in scavenging and 
drainage has lessened bacterial infection by 
making our water supply and our milk supply 
pure, and I do not believe it has done anything 
by stopping offensive smells, I do not believe 
any disease whatever is caused by offensive 
smells and exhalations. I believe we stop 
disease by preventing the  direct contamination 
of our food and drink by human sewage; by 
getting rid of all street garbage, midden and 
dung heaps, we reduce fly contamination, and 
that is the most important thing there is. 

If the house-fly flits from some dung or dust 
heap to our milk or food it directly contaminates 
the latter. Biting insects, the parasites of dirty 
dwellings, on the other hand, may directly 
inoculate our blood with the germs of disease. 

And then with regard to spray infection, how 
to get rid of that  method of infection I do not 
know. When a man speaks, coughs, or sneezes 
he spreads a spray of saliva yards around. 

People infected with "colds " go into crowded 
rooms and you cannot stop them;  the only 
thing to do is to educate them in the nice use 
of the handkerchief when coughing or sneezing. 
If  a man is in a thoroughly infectious state of 
" c o l d "  he should keep his distance when 
talking, or you should put a newspaper between 
your face and his. The newspaper will catch 
the saliva spray, and prevent y o u r  receiving 
a massive infection. However, we cannot stop 
such infection altogether, and what we have 
got to do is to see that our conditions of life 
are such as to establish our bodily vigour to 
the utmost  extent, and that  brings me to dis- 
cuss these conditions of the atmosphere which 
enormously influence our health and comfort. 
It  is the temperature, relative moisture of, and 
the movement of the air which have such an 
enormous effect upon us. 

In the House of Commons they have got a 
method of ventilating which has been estab- 
lished by chemists and bacteriologists, those 
who believe in carbonic acid poisoning, and 
those who want to get rid of spray infection, 
and thus have devised a current of air to come 
in at the floor and go out of the roof. Nobody 
has paid attention to securing the comfort of 
the members of the House of Commons, the 
thing of supreme importance. The air comes 
through narrow clefts in the floor at a very 
considerable velocity ; it is always heated up to 
63 ° , and it strikes the feet, comes out between 
the benches and is taken out through the roof 
by a powerful fan. The dry and wet bulb 
temperatures are 63 and 56 at the head level, 
and the temperatures down at the floor level 
are the same. Now the ordinary dry bulb and 
wet bulb I maintain are inadequate instruments. 
They do not show what the body feels, and 
when they are used for testing the conditions 
of a room they are fallacious instruments. I 
have an instrument here which I have invented 
for measuring the rate of cooling, and the 
instrument applied to the House of Commons 
shows that the rate of cooling where the feet 
are is nearly twice as quick as where the head 
is, and the method of ventilation is such as to 
cool their feet and warm their heads--(laughter) 
- -which I maintain is entirely wrong. If  their 
feet were kept warm and their heads cool one 
might do something to alleviate the troubled 
politics of the country. This kind of hea t - -  
cold feet and warm heads--is entirely opposed 
to natural conditions. Many of our methods of 
room ventilation err in the same way. Floors 
are draughty and head level kept too warm. 
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If  one goes into such a room one finds that 
the nose gets swollen and flushed, and more or 
less stopped up. I have got a deflected septum 
in my nose, the result of some old boxing 
match or football, and it is extremely sensitive 
to such conditions of atmosphere. If I go into 
the House of Commons, in two or three 
minutes it is stopped up, but if I go out on to 
the terrace, in two or three minutes it is open 
again and I can breathe through it. It is this 
swelling of the nose and nasal air sinuses 
wh'ch causes all this headache and discomfort 
which people feet in hot and confined rooms, 
it is this swelling of the nose which is the 
cause of the whole of this discomfort, not 
chemical poisoning. The movement of a fan 
placed in a room has a splendid cooling effect, 
but I am not suggesting a fan will take the 
place of fresh air ; you cannot do without fresh 
air, and you want all you can get, but it must 
be brought in at the right p lace--about  eight 
feet u p - i n  a gentle current, and the floor level 
must be kept warm-- the  cool, fresh air will 
sink and keep the head fresh. Now the fresh 
air acts upon us in this way : it blows upon the 
skin the vast cutaneous field of sensory nerves, 
and so stimulates us. In hot, stagnant air the 
pulse increases, and the skin is flushed and 
sweats, and the full tide of blood is sent to the 
skin instead of going into the brain and viscera. 
The cooling mechanism has to be thus brought 
into play. We make the least possible move- 
ment so as to lessen heat production and 
that means that  we do not breathe anything 
like so much, and that  means that  the lungs 
are not properly opened out, and there are 
parts of the lung in which the blood is not 
arterialised, and therefore these parts of the 
lung are susceptible to infection by tubercle 
bacilli because they are not properly opened; 
the blood does not properly circulate through 
these parts because they are not properly 
ventilated. And then as we do not burn out 
our tissues to keep warm we do not want so 
much food. Our appetite is less and we may 
eat only a little, and so miss getting certain 
rare principles in the food we ought to eat. 
Or if our appetite is too lively and we eat excess 
of food which is not absorbed, this undergoes 
bacterialdecompos ition in the large bowel and 
produces poison, and this leads to appendicitis, 
dyspepsia, constipation and anaemia. So that 
all this sedentary warm atmosphere depresses 
our vigour in every way-- i t  diminishes the 
breathing, the circulation, the appetite, the 
absorption and oxidation of food, and is in every 

way acting against us. Open-air treatment has 
its effect because of the free play on the skin; 
it makes us move and be active and ventilate 
our lungs and the blood circulates better. 
That  is the whole secret of the business. 

DISCUSSION. 
THE CHAIRMAN, in thanking Professor Hill for 

his lecture, said that some of their previous 
notions and ideas had been considerably upset. 
It showed them the advantage of opening up the 
Society to a man outside their branch. 

DR. WHEATLEY, in supporting, thought that 
physiology ought to be the basis of public health. 

DR. DEARDEN said he should have been glad if 
Professor Hill had dealt with the question of 
humidity in connection with factories and work- 
shops. 

DR. BARLOW (medical officer of health, 
Wallasey) said he was particularly interested to 
hear Professor Hitl's criticisms on smells. He 
had often given expression to his opinion with 
regard to smells arising from drains~that  smells 
per s~ could do no harm. 

PROFESSOR HILL, in reply, said that he did not 
want anyone to think that he was against 
ventilation, or against the removal of back-to- 
back houses, or anything of the kind, but they 
must get rid of the chemical interpretation, which 
was not the true one. There was overwhelming 
evidence that open-air treatment made for good 
health. They must not go seeking for some 
mysterious organic poison in exhaled air. Fresh, 
cool, moving air, varying, not monotonous in 
current and direction, by its stimulating, physical 
qualities, was the foundation of vigorous health 
and happiness. If they got rid of dust and flies, 
they would benefit the race, and get rid of 
infectious diseases to an enormous extent. 

UNIVERSITY OF MANCHESTER. 

DIPLOMA IN PUBLIC HEALTH.--The following 
gentlemen have obtained the Diploma in Public 
Health--R. D. t3. Frew, John Gibson, G. B. 
Pemberton, W. W. Stacey. 

DIPLOMA IN VETERINARY STATE MEDICINE,- 
The following gentlemen have obtained the 
Diploma in Veterinary State Medicine--John 
Facer, William Halstead, Thomas Menzies, 
H. L. Torrance. 

VACCINATION IN CALCUTTA. 

IN view of the unprecedented demand for 
vaccinMions (about Io,ooo per week) .the strain 
upon the Health Department of the Corporation 
of Calcutta at the present time has been very 
great, and Dr. H. M. Crake, the health officer, 
has been .compelled to ask the co-operation of the 
public i n  the matter without which it would 
have been impossible for him to cope with the 
tremendous amount of work. 


